As a step toward identifying the pathogenic genes for autoimmune polyglandular disease type I (APECED) and other disorders mapped to the PFKL locus on chromosome 21q22.3, we have constructed a cosmid/BAC (bacterial artificial chromosome) contig of 450 kb covering markers D21S1460-D21S25-PFKL-D21S154 and performed exon trapping. We isolated 22 distinct exons including 6 exons derived from two known genes (PFKL and EHOC-1). Among 16 novel exons, 2 exons matched with human expressed sequence tags (EST) and 7 exons showed homology at predicted amino acid sequence level with proteins from other species. These 16 exons were mapped back to the cosmid contigs, 12 of which were confirmed for their expression by polymerase chain reaction (PCR) screening of human cDNA libraries of various tissues. These exon sequences and a transcript map will aid for isolation of corresponding genes which will be identified as candidate genes involved in the pathogenesis of disorders mapped to the 21q22.3 region.
Introduction
The band 21q22.3 which is the most distal region of the long arm of human chromosome 21 is known to be rich in Not I sites. 1 Because most Not I sites are derived from CpG islands near the 5' regions of housekeeping genes and tissue-specific genes, 2 the 21q22.3 region is expected to be gene-rich.
Within this region, five hereditary disorders have been localized by genetic linkage studies. These include progressive myoclonus epilepsy of the Unverricht-Lundborg type (EPM1), 3 ' 4 autoimmune polyglandular disease type I [also known as autoimmune polyendocrinopathycandidiasis-ectodermal dystrophy (APECED)], 5 one form of bipolar affective disorder, 6 one form of nonsyndromic hereditary deafness for which two groups independently mapped the disease locus, DFNB8 and Communicated by Dai Ayusawa * To whom correspondence should be addressed. Tel. and Fax.
+81-3-3351-2370, E-mail: shimizu@dmb.med.keio.ac.jp t The Department of Pharmacology, Product Development Laboratories, Fujisawa Pharmaceutical Co., 2-1-6 Kashima, Yodogawa-ku, Osaka 532, Japan t Sequence data from this article have been deposited with the DDBJ/GenBank/EMBL DNA Libraries under Accession Nos. D86060 and D86103-D86117. DFNB10, 7 ' 8 to the same chromosomal region, and Knobloch syndrome that is characterized by a high degree of myopia, vitreoretinal degeneration with retinal detachment, macular abnormalities and occipital encephalocele. 9 Furthermore, this region was included within the critical region (D21S113-21qter) for holoprosencephaly (HPE). 10 Although it was recently reported that mutations in the cystatin B gene cause EPM1, 11 the pathogenic genes for other disorders have not yet been identified.
As a step toward identifying the pathogenic genes for these disorders, we performed exon trapping 12 using a 450-kb cosmid/BAC (bacterial artificial chromosome) contig that cover markers D21S1460-D21S25-PFKL-D21S154. In this report, we describe the construction of a cosmid/BAC contig and the isolation and characterization of exons. All of the trapped exons were sequenced, and the sequence information was used to generate sequence-tagged sites (STSs) to examine for their expression by polymerase chain reaction (PCR) screening of human cDNA libraries of various tissues. Furthermore, these exons were mapped back to the cosmid contig. These exon sequences and a transcript map will aid in the isolation of candidate genes involved in the patho-genesis of APECED and other disorders mapped to the 21q22.3 region.
Materials and Methods

Markers
Not I linking clones, LJ104 (D21S1460), LB85S (D21S1461) and LL23SP (D21S400), 1 were kindly provided by H. Ichikawa and M. Ohki. The DNA markers, pl0.2 (D21S25) 13 and IP21K443 (D21S154), 14 were kindly provided by E. Bakker, and J. Hazan and J. Weissenbach, respectively. The primers for the STS markers D21S19, D21S113, D21S361 and D21S171 were synthesized according to Chumakov et al. 15 The primers for PFKL, LL23SP (D21S400) and CD18 were synthesized according to Polymeropoulos et al., 16 Hattori et al., 17 and Theune et al., 18 respectively. The primers for the EHOC-1 gene were synthesized according to 3'-end sequence of cDNA (nt 4861-4880 and nt 5086-5107 of GenBank accession no. U19252). 19 The 5' portion of the EHOC-1 cDNA was amplified by PCR using a pair of primers (nt 132-151 and nt 1005-1026) from a human fetal brain cDNA library and the product was used as a probe.
Library screening
We screened three different genomic DNA libraries; a CEPH chromosome 21-specific ordered YAC library, 15 a KU21 cosmid library constructed from flow-sorted human chromosome 21 (Kudoh et al., manuscript in preparation) and a BAC library constructed from total human genomic DNA (Asakawa et al., submitted). The latter two libraries were constructed in our laboratory.
The CEPH chromosome 21-specific ordered YAC library 15 was screened by PCR using STS primers for D21S19, D21S113, D21S361, PFKL, LL23SP (D21S400), D21S171 and CD18, which cover the APECED candidate region.
The chromosome 21-specific KU21 cosmid library was constructed from flow-sorted chromosome 21 (Kudoh et al., manuscript in preparation) that was isolated by a fluorescence-activated flow sorter from the human male B-lymphoblastoid cell line (GM130B). 20 DNA was extracted, partially digested with Mbo I, dephosphorylated, and cloned into a BamHl site of the cosmid vector SuperCosl (Stratagene). 21 We used the KU21D library that consists of 10,624 clones (6-fold coverage of chromosome 21) and was constructed on Escherichia coli DH5aMCR (GIBCO BRL). For screening of the library, we prepared colony filters on which cosmid clones were arrayed at high density (HDR filters) so that each filter contained 1,536 independent clones from 16 microtiter plates using a robotic workstation (Biomek 1000, Beckman) equiped with a High Density Replica (HDR) tool. DNA fragments (YAC and DNA markers) were labeled with [a-32 P]dCTP (3000 Ci/mmol; New England Nuclear) by the random priming method, 22 denatured and pre-reassociated with total human DNA, 23 and hybridized against HDR filters. Cosmid DNAs were purified using an automatic plasmid isolation robot PI-100 (Kurabo). Gel-purified DNA fragments from these cosmids were then used as probes for the subsequent walking steps to build cosmid contigs.
To extend contigs, we then screened for a human genomic DNA library constructed using a BAC vector system which is suitable for cloning of longer DNA fragments than the cosmid system. 24 A BAC library (average insert size 110 kb: 3 coverage of human genome) has been constructed from //mdlll-partially digested genomic DNA using a BAC vector pBACLac 25 (Asakawa et al., submitted). Screening was done using HDR filters where BAC clones were arrayed at high density (3,072 colonies/filter) by using a robotic workstation Biomek 2000 (Beckman Instruments).
Exon trapping
Exon trapping 12 was performed using an exon trapping system (GIBCO BRL) essentially as recommended by the supplier. DNA of a BAC clone KB86A5 and pooled DNAs from nine cosmid clones (D1G8, D4G11, D6A4, D6B5, D9G11, D11C9, D28B11, D99F9 and D107C4) were partially digested with Sau3AI. DNA fragments from a BAC and cosmids were subcloned into BamHI-digested pSPL3 and pSPL3Cp vectors, respectively. The pSPL3Cp vector was constructed from pSPL3 by replacing an ampicillin-resistance (Ap R ) gene with a chloramphenicol-resistance (Cp R ) gene derived from plasmid HSG396 26 (Takara Shuzo) and is suitable for subcloning of partial digests of cosmid DNA containing an Ap R gene such as SuperCosl. Transformant colonies resistant to ampicillin (in the case of the pSPL3) or chloramphenicol (in the case of the pSPL3Cp) were pooled and plasmid DNA were purified. Recombinant plasmids were transfected into COS-7 cells using LipofectAMINE (Life Technologies). After 36 hours, total RNA was purified from COS-7 cells, reverse-transcribed and PCRamplified using vector-specific primers. The PCR products were subcloned into pAMP 10 using the uracil DNA glycosylase (UDG) cloning method as recommended by the supplier.
2.4-DNA sequencing
The trapped sequences were amplified directly from each colony by PCR using vector cassette-specific primers, purified by QIAquick-spin columns (QIAGEN), and then subjected to DNA sequencing. The sequencing reaction was performed using Taq DNA polymerase and fluorescence-labeled dideoxy-nucleotides in a dye ter-minator cycle sequencing kit (Perkin-Elmer). The DNA sequence was then analyzed using an automatic DNA sequencer (Perkin-Elmer, Model 373A). The nucleotide and predicted amino acid sequence homologies were analyzed using BLASTN and BLASTX searches 27 of the non-redundant databases.
Southern blot analysis
DNAs from 15 cosmids which cover the cosmid contigs were digested with EcoRI, separated by agarose gel electrophoresis and transferred onto a nylon membrane (BiodyneB; Pall). Exon sequences and cDNA fragments were labeled with [a-32 P]dCTP by a random priming method 22 and hybridized to the Southern blot filter of the cosmid contig.
PCR screening of cDNA libraries
Pairs of oligonucleotides specific for each exon were synthesized and used as primers for PCR. Six different human cDNA libraries (Clontech) which include fetal brain (HL3003a), fetal liver (HL1005), liver (HLlOOlb), fetal heart (HL3018a), retina (HL1132a), and hippocampus (HL1028b) were screened. Approximately 10 8 phage particles from each cDNA library, consisting of approx. 2 x 10 5 to 2 x 10 6 independent clones, were infected to the appropriate host E. coli strain and amplified. Phage DNAs were purified by the standard method. Twenty nanograms of phage DNA, which represents approximately 4x 10 8 phages, was added to 10 fx\ of reaction mixture containing 1 x buffer (50 mM KC1, 10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl 2 , 0.001% (w/v) gelatin), 0.2 mM each of dNTPs, 0.25 U of AmpliTaq polymerase (PerkinElmer), and 0.5 /xM of each of the exon-specific primers. Thirty-five cycles of PCR were carried out with a temperature profile of 94°C for 30 sec, 55-65°C (optimized for each primer pair) for 30 sec, and 72°C for 30 sec. Amplified exon fragments were analyzed by electrophoresis on a 2% agarose gel.
Results
Construction of cosmid/BAC contigs
We first attempted to isolate YAC clones corresponding to the 21q22.3 region by screening a chromosome 21-specific ordered CEPH YAC library 15 with appropriate STS primers. However, only one YAC clone (YAC210F11) was isolated for PFKL and no YACs were found for LL23SP (D21S400) and D21S171. Furthermore, the insert of the YAC210F11 for PFKL was found to be only 100 kb. When the identified YACs were located on the Not I restriction map of chromosome 21q, x two gaps were found: one between D21S361 and PFKL (max. 1.2 Mb) and the other between PFKL and CD 18 (max. 570 kb). Thus, this region seems unclonable or very unstable in YACs. This circumstance made it inadequate to use overlapped YAC clones for a systematic isolation of cosmid clones, the strategy that we successfully used in the Down syndrome critical region. 28 We then tried to construct cosmid contigs using a walking strategy. The chromosome 21-specific KU21D cosmid library (approx. 6 genome equivalents) was screened using YAC210F11 that contains PFKL, single copy probes pl0.2 (D21S25) and IP21K443 (D21S154), and Not I linking clones LJ104 (D21S1460) and LL23SP (D21S400). Three markers, PFKL, D21S25 and D21S154 are mapped physically to within 300 kb of each other 3 and PFKL is mapped to within a 40-kb interval between Not I linking clones LB85S (D21S1461) and LL23SP.
1 A total of 44 cosmids were identified and these cosmids were used as probes for the subsequent walking to build contigs. Accordingly, 86 cosmids were assembled into two contigs, one from D93C11 to D6A4 and the other from D19E3 to D107C4 (Fig. 1 ). There was a gap between D21S1461 and D21S400. The longer contig consists of 67 cosmids spanning LJ104 (D21S1460)-D21S25-LB85S (D21S1461), whereas the shorter contig consists of 19 cosmids spanning LL23SP (D21S400)-D2lSl54. Recently, Lafreniere et al. 29 reported a 405-kb cosmid contig covering the similar region using the chromosome 21-specific LL21NC02"Q" library which was made by Lawrence Livermore National Laboratory (LLNL) and presented a Hindlll restriction map of this region. Using this map as a reference, we estimated the sizes of the cosmid contigs as well as a gap between contigs (Fig. 1) . A gap between D21S1461 and D21S400 was filled with LLNL cosmid clones (Q1B4 and Q5B10) as shown in Fig. 1 . To extend contig toward centromere, we then screened our BAC library (approx. 3 genome equivalents) using a left terminal clone (D93C11) of the cosmid contig as a probe and isolated 4 BAC clones. One of these BAC clones (KB86A5) having the most extended human insert DNA (130 kb in size) was chosen as a member of contig. Using this BAC as a probe, we isolated additional 12 cosmid clones. A resultant cosmid/BAC contig of 450 kb covering markers D21S1460-D21S25-PFKL-D21S154 extends approx. 10 kb toward telomere and approx. 35 kb toward centromere as compared to the reported cosmid contig of 405 kb. 29 
Exon trapping and homology search
Exon trapping was performed using one BAC clone (KB86A5) and 9 cosmids (bold faced) shown in Fig. 1 . Twenty-two unique sequences were identified and designated as HC21EX series. The size of these exons ranged from 36 bp to 240 bp. Homology search with nucleotide sequence database revealed that 6 exons are derived from two known genes (PFKL and EHOC-1) lo- cated in this region: two exons (HC21EXc2 and cl3) matched with exon 2 and exon 3 of the PFKL gene 30 and 4 exons (HC21EXb9, b22, b37 and b68) matched with cDNA of the EHOC-1 gene. 19 Two exons (HC21EXcl6 and cl45) matched with partial cDNA (EST) sequences of human genes without known function. Five exons (HC21EXc9, c31, c65, cl32 and cl45) matched with exon sequences that were independently trapped by other investigators. 31 ' 32 Ten exon sequences had no considerable homology with known database entries at nucleotide sequence level (Table 1) . Predicted amino acid sequences of 7 exons showed homology with proteins from other species (Table 1) . Interestingly, predicted amino acid sequence of two exons (HC21EXcll and cl6) showed 55% (27/49) and 51% (16/31) identities with two different regions of the yeast PWP2 protein (periodic tryptophan protein 2) (SwissProt, P25635) ( Fig. 2A) . The yeast PWP2 pro-tein contains 5 tryptophan-aspartate (WD) repeats 33 and is implicated in bud-site selection and cell separation of yeast cells. Predicted amino acid sequence encoded by the exon HC21EXcl45 showed significant homology (22/30) with zebrafish es\ protein (GenBank, U10403) and weak homology (13/30) with E. coli protein SCRP-27A (SwissProt, P26428) (Fig. 2B) . We recently isolated cDNA clones for human homolog of E. coli SCRP-27A gene (designated KNP-I).
34 HC21EXcl32 showed homology with the C. elegans C05C12.3 protein (Fig. 2C) that consists of 1816 amino acids and was predicted from genomic sequence of chromosome IV of C. elegans (GenBank, Z68333). Although additional 3 exons (HC21EXc5, c31 and c l l l ) also showed homology with proteins in database (Table 1) , biological significance was not certain because the aligned sequences are from minus strand, different reading frames or separated regions.
Twelve out of 13 exons examined were confirmed for their expression by PCR screening of cDNA libraries from various human tissues (Table 2) .
Physical mapping of exons and genes
In order to precisely locate these exons, we performed Southern hybridization of each exon using .EcoRI fragments of cosmids (underlined in Fig. 1 ) which cover most part of the region. Considering the overlap of two adjacent cosmid clones, 16 exons were assigned to 12 small regions in the contig. Furthermore, the 3' end of EHOC-1 gene was mapped to overlapped region of cosmids D27C8 and D6B5 and BAC KB86A5 by PCR using cosmid and BAC DNAs as templates, whereas the 5' portion of EHOC-1 cDNA fragment hybridized with most centromeric cosmids such as D61H4. From these results, the location, orientation and approximate size of the EHOC-1 gene (longer than 80 kb) were determined (Fig. 1) . As summarized in Fig. 1, 16 exons distributed in the APECED region suggest the location of several new genes. Two exons (HC21EXcll and cl6) that showed homology with yeast PWP2 gene locate together in the same region. HC21EXcl45 corresponding to KNP-I gene that is homologous to zebrafish esl and E. coli SCRP-27A genes locates just distal to human PWP2 gene. Genomic sequencing of the cosmid clones D6B5 and D11C9 revealed the structure of KNP-I gene 34 and human homolog of PWP2 gene as well as the 3' end of EHOC-1 gene (Nagamine et al., unpublished results). Locations and orientations of these genes are shown in Fig. 1 . Both PWP2 and KNP-I genes locate next to EHOC-1 gene in tandem.
Discussion
In this report, we constructed a 450-kb cosmid/BAC contig for the APECED region and isolated 16 novel exons in addition to 6 exons which are derived from two known genes EHOC-1 and PFKL. These 16 exons are precicely mapped back to cosmid clones on the contig.
Among these 16 exons, two exons (HC21EXcl6 and c65) matched with a cDNA or an exon that were previously mapped to human chromosome 21.
3 1 ' 3 5 Exon HC21EXcl6 matched with the cDNA clone 21ES0105 that was isolated from a fetal brain cDNA library by direct cDNA selection using pools of chromosome 21 cosmids. 35 The cDNA 21ES0105 was reported to be one of the unmapped cDNAs because it hybridized to a chromosome 21-specific cosmid (LLNL Q9B9) but not to any of 21q CEPH YACs. 35 This is consistent with our observation that this region was in a gap of the CEPH YAC contig. More recently, this cDNA was mapped to 21q22.3 using a panel of somatic cell hybrids. 36 Although the reason why cosmid Q9B9 was not reported as a member of cosmid contigs in this region constructed using the same LLNL cosmid library 29 ' 37 is not certain, our results indicated that the corresponding gene for the cDNA clone 21ES0105 was located on cosmid D6B5 at locus just distal to D21S1460 and EHOC-1 gene (Fig. 1) .
Exon HC21EXc65 matched with a chromosome 21 exon 8E4. 31 There is a discrepancy concerning mapped position because the exon 8E4 was reported as one of 102 exons localized to a 2.5 Mb region involved in Down syndrome. They reported that the exon 8E4 was hybridized to 4 LLNL cosmids (Q22D1, Q63E6, Q70H1 and Q73D10) which belong to their cosmid bin 96 and were localized between D21S55 and ERG in 21q22.2 region. 31 On the other hand, HC21EXc65 exon was mapped on cosmids D28B11 and D94A8 around a Not I site located 60 kb proximal to LB85S (Fig. 1) . We noticed that all of 4 LLNL cosmids described above were recently localized to the same region on 21q22.3. 29 ' 37 Therefore our results support the latter report.
Four exons (HC21EXc9, c31, cl32 and cl45) matched with exons that are members of 559 potential exons of chromosome 21 recently reported by Chen et al. 32 They trapped these 4 exons from randomly picked chromosome 21-specific cosmids but none of them have been mapped back to chromosome 21 yet. Thus, our study confirmed the origin of these exons and further determined the precise locations on chromosome 21.
HC21EXcll and cl6 showed significant amino acid sequence homology with the yeast PWP2 protein ( Fig. 2A ) and these two exons were expressed in all the six cDNA libraries tested (Table 2) . Genomic sequencing of cosmid D6B5 revealed that human homolog (PWP2) of the yeast PWP2 gene consists of 21 exons spanning 24 kb ( Fig. 1; Nagamine et al., unpublished results) . Very re-that the KNP-I gene consists of seven exons spanning 12 kb. Exon 5 was involved in alternative splicing. 34 The EHOC-1 cDNA was isolated from a 14-week trisomy 21 fetal brain cDNA library by a direct cDNA selection technique using BAC clones of the candidate region for EPM1. 19 They showed that 8-, 7.5-, and 5.3-kb transcripts are ubiquitously expressed in adult tissues. The EHOC-1 protein shared partial homology with transmembrane proteins including sodium channel proteins. Our study demonstrated that the EHOC-1 gene locates just proximal to a Not I site of linking clone LJ104 and transcribed from centromere to telomere (Fig. 1) . Although Yamakawa et al. 19 proposed that the EHOC-1 gene is a good candidate for EPM1, no mutations have been demonstrated. Recently, cystatin B gene was isolated near the Not I site of linking clone LB2T (D21S1459) that maps 350 kb proximal to the Not I site of linking clone LJ104 (D21S1460) and mutations were identified in EPM1 patients.
11
In summary, 3 of the 16 exons we found have already been shown to belong to the new genes PWP2 and KNP-I. Most of the remaining 13 exons are distributed in regions where no genes have been found yet. Nine out of these 13 exons are shown to be present in at least one of the six cDNA libraries tested. More detailed analysis, isolation and sequencing of complete cDNAs as well as genomic sequencing is necessary for the identification of novel genes. Using exons reported in this report, we have already isolated several cDNAs (unpublished results). Moreover, we are now performing genomic sequencing of a 450-kb BAC/cosmid contig described here. These efforts will aid in the isolation of corresponding genes which will be identified as candidate genes involved in the pathogenesis of APECED and other disorders.
Note added in proof: The paper by Asakawa et al. 41 is now in press.
